Objective. 
Introduction
Vitamin D, due to the biological properties of its derivatives, affects the function of many organs and systems. vitamin d deficiency leads to a decrease in calcium concentration in blood, impairment of calcium and phosphorus absorption in intestines and kidneys because of its active metabolite 1.25-dihydroxyvitamin D [1] . It has been proved that vitamin-D endocrine system affects electrolytes concentration, cell proliferation, angiogenesis, stimulation of insulin synthesis, inhibition of renin secretion [2, 3, 4] .
The presence of interconnections between calcidiol level as well as lipid and carbohydrate metabolism in children [5, 6] has been established. Moreover, special attention is paid by the researchers to the development of cardiometabolic risk factors and their relations with the concentration of calcium in blood and levels of parathyroid hormone in cases of vitamin D deficiency [7, 8] .
The period of puberty is characterized by a rapid, peak increase in bone and muscle mass, and requires higher calcium and phosphorus intake, and, therefore, maintenance of proper levels of vitamin D metabolites in blood plasma [9] . However, adolescents frequently suffer from hypovitaminosis D and are characterized by increased tendency towards a sedentary lifestyle, spending much time at a computer or in front of the TV [10] . Leading a sedentary lifestyle in such children reduces the time spent in sunlight and outdoors, which is a direct risk factor for obesity and vitamin d deficiency [1] .
Investigating metabolic abnormalities in children of different ages, researchers identified inverse relationship between vitamin D levels and metabolic factors, in particular, insulin resistance, body mass index, triglyceride levels and total testosterone, and direct relationship with insulin sensitivity [11] .
It is established that lipid metabolism disorder is one of the risk factors for vitamin D deficiency, and the amount of adipose tissue is crucial in its metabolism and biological significance [12] . numerous clinical studies have proved that for those suffering from obesity, vitamin D intake should be 2-3 times higher than for those with normal body weight. There is a pathogenetic connection between obesity and vitamin d deficiency, since vitamin d is a fat-soluble substance, distributed in the adipose tissue, which leads to decrease in its concentration in plasma [13] .
Moreover, attention is drawn to the fact that with the increase in the amount of adipose tissue there is a limitation of the bioavailability of vitamin D, which is associated with its engulfment by adipocytes and deposition in the adipose tissue. Thus, Spanish researchers have established existing relations between low-level serum concentration of 25(OH)D with high triglyceride levels regardless of age, sex, body mass index and physical activity [14] .
Childhood obesity is an important public health problem. In Ukraine, 12% of children aged 7 to 17 years old suffer from excessive weight [15] , among which about 10% are diagnosed with obesity by body mass index. Mo reover, the number of obese children has a positive annual increasing rate.
Taking into consideration the increase in the number of overweight and obese adolescents in Ukraine, it has become necessary to determine the prevalence of vitamin d deficiency among the overweight and obese adolescents and to identify the main factors affecting the vitamin D status of such children.
The aim of the research is to determine the prevalence and risk factors for vitamin D deficiency in the adolescents with excessive weight and obesity. The research involved on 146 adolescents (78 boys and 68 girls) aged 12 to 17 years old, which, depending on the body mass index (Bmi), were divided into two groups: the overweight children and the obese children. The adolescent age of each child was determined according to the Tanner scale (2-5 stages) [5, 12] . The control group consisted of 63 healthy children aged 12-17 years old, who lived in the city of Ternopil and sought medical consultations for various reasons and chronic diseases. None of the causes of seeking medical help and disease affected their growth, body structure, nature of nutrition, physical activity. The experimental groups did not include children, whose obesity was due to endocrine diseases (hypothyroidism, hypercorticism, hypopituitarism, traumas of hypothalamic-pituitary area), taking antiepileptic drugs or glucocorticoids.
Methods
All children were Ukrainian (Caucasians) and lived in Ternopil region, Ukraine. In anthropometric studies, body height and weight were determined, and BMI was calculated according to the formula (mass (kg)/height 2 (m 2 )). Anthropometric examinations: body weight (within the accuracy of 0.1 kg), height (within the accuracy of 0.1 cm), were carried out by the established methods by means of floor weight, height meter and flexible centimeter tape. Bmis were evaluated according to standard percentile tables [5, 14] . Thus, children with BMI from 15 to 85 percentiles were assigned to have normal body mass, the excessive body mass corresponded to 85-95 percentiles and over 95 percentiles -to obesity.
To determine the factors affecting vitamin D status, the children were asked to fill in a questionnaire, which included data that ascertained the age of the child, sex, place of residence (city or village), the season of the questionnaire (November-March, April-October), income per family member (above or below the average living wage), daily milk consumption (up to 1 cup per day, from 1 to 3 cups and more), the use of vitamin D supplements, fish oil, the state of physical activity, which was determined by the number of active hours per week (up to 2 hours, from 2 to 5 hours, more than 5 hours), the duration of the daily stay in the open air (up to 30 minutes, more than 30 minutes), passive rest in front of the computer or TV (up to 2 hours per day, 2-4 hours per day, more than 4 hours per day).
Vitamin D status was determined according to the level of 25(OH)D in blood serum. For this, fasting blood test from the vein was taken. By centrifugation, serum was isolated, frozen and stored at -80 °C. The level of calcidiol was determined by the immunoassay method using 25-OH Vitamin D ELISA test kit (EUROIMMUN, Germany), with an intra-assay CV 3.2-4.9% and an inter-assay CV 4.0-7.8%. An assessment of the results of 25(OH)D level was conducted according to the recommendations of the International Society of Endocrinology (2011) [12] . vitamin d insufficiency was established at a level of calcidiol ranging 20-29 ng/ml (50-75 nmol/l), vitamin d deficiency was established at 25(OH)D below 20 ng/ml (less 50 nmol/l), the normal calcidiol level was at 25(OH)D 30-100 ng/ml (76-250 nmol/l). The content of 25(OH)D above 100 ng/ml (250 nmol/l) was considered to be excessive.
The attained results of the research were subjected to statistical processing. Descriptive statistics was used to evaluate the concentration of calcidiol in serum and to determine the weight-height ratios of BMI. The level of calcidiol in serum was presented in the form of mean values and their standard errors. The comparison of frequency indices in the study groups was carried out using the Wilcoxon signed-rank test for continuous variables and the chi-square test, or the Fisher's exact test for categorical variables. The comparison of mean values and their standard errors in different study groups with their accurate distribution was performed by the Student's t-test for independent samples, and if distribution of the values is not normal the nonparametric Mann-Whitney U test was used.
The multiple logistic regression was used to determine the effect of each independent variable of the probable risk factor in the development of a 25(oh)d deficiency in the adolescents with obesity. All statistical studies were conducted using SPSS (Statistical Package for Social Sciences) for Windows software 21.0 version. The differences between the values were statistically significant at p<0.05.
Results
The research has established low levels of 25(OH)D in serum. In the adolescents with normal body weight, the mean values of 25(OH)D were 19.76±4.28 ng/ml, in the adoles cents with overweight -15.24±3.47 ng/ml, and in the children with obesity -13.87±2.71 ng/ml.
The results of the study of 25 (OH) D levels, depending on the body mass index, are presented in Table 1 .
Vitamin D status in the adolescent children of 25(OH)D in most cases was manifested by its deficiency. in the adolescents with normal body weight, in blood serum of 14.32% of the children the level of 25(OH)D remained within the normal levels and in 29.46% was deficient.
the highest deficiency rate of vitamin d was determined in the adolescents with obesity, which prevailed with a significant difference in comparison with the incidence of vitamin D deficiency (p=0.022) in the control group of adolescents with normal body weight.
it has been confirmed that with the increase in BMI, a simultaneous increase in the proportion of vitamin d deficiency and a decrease in the proportion of individuals with normal levels and insufficiency of calcidiol was ob served.
According to the results of statistical processing of the children's answers in the questionnaire, the frequency of manifestations of the main risk factors with underlying vitamin D deficiency in the adolescents with normal body weight, overweight and obesity has been established. The predicted risk factors for vitamin d deficiency development among the study groups, depending on the body mass index, are presented in Table 2 .
Actual data have established that sex and place of residence do not have a significant impact on the prevalence of vitamin d deficiency in the adolescents with overweight and obesity. the frequency of diagnosis of vitamin d deficiency is more common in the adolescent boys with obesity, which was 42.2% (p=0.193). Other factors that strongly influenced the significantly greater prevalence of vitamin d were: the season of blood serum collection from November to March, low income per family member, daily milk consumption, failing to take vitamin d supplements or fish oil, low physical activity, spending much time at the computer or in front of the TV. The time spent in the open air, both with overweight (p=0.448) and obesity (p=0.417), had no effect on the incidence of vitamin D deficiency in the adoles cents. for the adolescents with overweight, the duration of physical activity during the week did not influence a reliable dependence on low levels of calcidiol (p=0.450). 
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According to the results of the multiple logistic regression analysis, it has been found out that factors affecting the development of vitamin d deficiency include excessive body weight and obesity (Table 3) . Moreover, in the presence of this factor, the likelihood of vitamin d deficiency increases in 1.54 times.
In addition, a significant effect on the development of vitamin d deficiency is due to winter-spring season of the study (p=0.002), low income per family member (p=0.015), low daily milk consumption (p=0.032), physical activity up to 2 hours per week (p=0.042) and more than 4 hours a day spent at the computer 
Discussion
The results of the study have proved that the prevalence of vitamin d deficiency in the adolescents is significant as in many other countries [2, 3, 12] . It has been established that there is an inverse relationship between the level of 25(OH)D in blood serum and the body mass index in the adolescents. In cases of excessive body weight, the frequency of diagnosing vitamin d deficiency increased in 1.23 times, and with obesity -by 1.35 times. The mean serum calcidiol content in blood serum of the adolescents with obesity was 1.43 times lower than that of the children with normal body weight. The data attained during the study showed a similar trend of change in the status of vitamin D in the children of different ages according to the results of epidemiological studies in Ukraine but were lower compared with the data of the studies in the USA, Spain, and Italy [5, 9] . Researchers explain the low levels of 25 (OH) D in blood serum by depositing calcidiol in the adipose tissue, reducing bioavailability, and reducing its synthesis under the influence of ultraviolet rays [14] .
According to the results of the conducted studies, it has been established that the prevalence of vitamin D deficiency in the adolescents with obesity and overweight is unrelated to sex and place of residence. The latter were also not recognized as probable risk factors for vitamin D deficiency. However, according to Spanish pediatric school [5] , vitamin d deficiency was more often reported during puberty in obese girls.
Via the multiple logistic regression analysis, it has been established that the degree of influence of independent predictors do affect development of vitamin d deficiency in the adolescents with obesity and overweight. It has been proved that the greatest influence is exerted by the season of blood collection in the period of November-March, in which the probability of development of vitamin D deficiency increases in 2.74 times compared with the April-October season. The amount of time spent at the computer and watching TV more than 4 hours a day increases the chances of vitamin D deficiency development in 1.91 times and, together with low physical activity, belongs to the three main independent variables in the development of vitamin D deficiency in the adolescents with obesity and overweight. Research results also indicate that the daily milk consumption of up to 3 cups or more reduces development of vitamin D deficiency in 1.49 times compared with the adolescents, who do not consume or consume 
